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People also are becoming increasingly reliant on ATMs. BesidesNature of the Work
bank and retail transactions, ATMs provide an increasing numberBusinesses and other organizations depend on complex electronic
of other services, such as employee information processing and disequipment for a variety of functions. Industrial controls automati-
tribution of government payments. ATM design improvements have cally monitor and direct production processes on the factory floor.
increased reliability and simplified repair tasks, reducing the num- Transmitters and antennae provide communications links for many
ber and extent of repairs. Opportunities for ATM repairers should organizations. Electric power companies use electronic equipment
be available, primarily arising from the need to replace workersto operate and control generating plants, substations, and monitor-
who leave the specialty, rather than from employment growth. ing equipment. The Federal Government uses radar and missile

Conventional office machines, such as calculators, are inexpencontrol systems to provide for the national defense and to direct
sive, and often are replaced instead of repaired. However, digitacommercial air traffic. These complex pieces of electronic equip-
copiers and other newer office machines are more costly and comment are installed, maintained, and repaired by electrical and elec-
plex. This equipment often is computerized, designed to work on atronics installers and repairers.
network, and able to perform multiple functions. The growing need  Electrical equipment and electronics equipment are two distinct
for repairers to service such sophisticated equipment should resultypes of industrial equipment, although much equipment contains

in job opportunities for office machine repairers. both electrical and electronic components. In general, electrical
_ portions of equipment provide the power for the equipment while
Earnings electronic components control the device, although many types of

Median hourly earnings of computer, automated teller, and office equipment still are controlled with electrical devices. Electronic
machine repairers were $15.08 in 2000. The middle 50 percenkensors monitor the equipment and the manufacturing process, pro-
earned between $11.80 and $19.20. The lowest 10 percent earnefiding feedback to the programmable logic control (PLC) that con-
less than $9.50, and the highest 10 percent earned more than $23.42o|s the equipment. The PLC processes the information provided
Median hourly earnings in the industries employing the largest num-py the sensors and makes adjustments to optimize output. To adjust
bers of computer, automated teller, and office machine repairers inthe output the PLC sends signals to the electrical, hydraulic, and

2000 are shown below. pneumatic devices that power the machine—changing feed rates,
Professional and commercial equIPMent ...........c..cccoceveveveerenen. $15.2gpressures, and other variables in the manufacturing pradess.
Computer and data processing services ... 15.081stallers and repairers, knownfadd technicianstravel to facto-
Radio, television, and COMPULET STOTES ..........cccveveverveeeerrennennn, 13.16eries or other locations to repair equipment. These workers often
have assigned areas where they perform preventive maintenance
Related Occupations on a regular basis. When equipment breaks down, field techni-

Workers in other occupations who repair and maintain electroniccijans go to a customer’s site to repair the equipm@anch tech-
equipment include broadcast and sound engineering technicians angicianswork in repair shops located in factories and service centers.
radio operators; electronic home entertainment equipment installersrhey work on components that cannot be repaired on the factory
and repairers; electrical and electronics installers and repairers; industgor.

trial machinery installation, repair, and maintenance workers; and  Some industrial electronic equipment is self-monitoring and alerts
radio and telecommunications equipment installers and repairers. repairers to malfunctions. When equipment breaks down, repairers
first check for common causes of trouble, such as loose connec-
tions or obviously defective components. If routine checks do not
locate the trouble, repairers may refer to schematics and manufac-
turers’ specifications that show connections and provide instruc-
tions on how to locate problems. Automated electronic control

Sources of Additional Information

For information on certification programs, contact:

» Computing Technology Industry Association, 450 East 22nd St., Suite
230, Lombard, IL 60148-6158. Internéattp://www.comptia.org

> International Society of Certified Electronics Technicians, 3608 Pershing

Ave., Fort Worth, TX 76107. Interneittp:/www.iscet.org systems are increasing in complexity, making diagnosing problems
> Electronics Technicians Association, 502 North Jackson, Greencastlemore challenging. Repairers use software programs and testing
IN 46135. Internethttp://www.eta-sda.com equipment to diagnose malfunctions. They use multimeters, which
measure voltage, current, and resistance; advanced multimeters alsc
TR, measure capacitance, inductance, and current gain of transistors.

. . They also use signal generators that provide test sigmalgscil-
Electrical and Electronics Installers loscopes that graphically display signals. Repairers use handtools
and Repairers such as pliers, screwdrivers, soldering irons, and wrenches to replace
faulty parts and to adjust equipment.
(O*NET 49-2092.01, 49-2092.02, 49.2092.03, 49-2092.04, 49-2092.05,  Because component repair is complex and factories cannot allow
49-2092.06, 49-2093.00, 49-2094.00, 49-2095.00, 49-2096.00) production equipment to stand idle, repairers on the factory floor usu-
C e . ally remove and replace defective units, such as circuit boards, instead
Significant Points of fixing them. Defective units are discarded or returned to the manu-
e Knowledge of electrical equipment and electronics is  facturer or to a specialized shop for repair. Bench technicians at
necessary for employment; many applicants complete lthese locations have the training, tools, and parts to thoroughly diag-

to 2 years at vocational schools and community nose and repair circuit boards or other complex components. These
colleges, although some less skilled repairers may haveaworkers also locate and repair circuit defects, such as poorly sol-
only a high school diploma. dered joints, blown fuses, or malfunctioning transistors.

e Projected employment growth will be slower than _ Elect_rical and_electronics installers often fit plder manufactur-
’ . . ing equipment with new automated control devices. Older manu-

average, but varies by occupational specialty. facturing machines are frequently in good working order, but are

e Job opportunities will be best for applicants with a limited by inefficient control systems that lack replacement parts.
thorough knowledge of electrical and electronic Installers replace old electronic control units with new PLCs. Set-
equipment, as well as repair experience. ting up and installing a new PLC involves connecting it to different
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Because electronic equipment is critical to industries and other
organizations, repairers work around the clock. Their schedules
may include evening, weekend, and holiday shifts; shifts may be
assigned on the basis of seniority.

Installers and repairers may have to do heavy lifting and work in
a variety of positions. They must follow safety guidelines and of-
ten wear protective goggles and hardhats. When working on lad-
ders or on elevated equipment, repairers must wear harnesses to
prevent falls. Before repairing a piece of machinery, these workers
must follow procedures to insure that others cannot start the equip-
ment during the repair process. They also must take precautions
against electric shock by locking off power to the unit under repair.

Electronic equipment installers and repairers, motor vehicles
normally work indoors in well-ventilated and -lighted repair shops.
Minor cuts and bruises are common, but serious accidents usually
are avoided when safety practices are observed.

Electrical and electronics repairers use multimeters to measure
electrical current. Employment

Electrical and electronics installers and repairers held about 171,000
jobs in 2000. The following tabulation breaks down employment

sensors and electrically powered devices (electric motors, switchesk,)y occupational specialty.

pumps) and writing a computer program to operate the PLC. Elec- _ _ _ _
tronics installers coordinate their efforts with other workers install- Electrical and electronics repairers, commercial and

ing and maintaining equipment. (See the statement on industria Iinctil,_lstrialtequipmen: et %3’%%%

machinery installation, repair, and maintenance workers elsewher ectric motor, power tools, and related reparers ........... A '

. lectrical and electronics repairers, powerhouse, substation,

in theHandbook) , , , AN TEIAY oo eeee et e et s s s s ese e sesreees 18,000
Electronic equipment installers and repairers, motor vehicles giactrical and electronics installers and repairers

have a significantly different job. They install, diagnose, and repair  transportation €QUIPMENL ............co..eveeverreeeereereeereeeeeeeereeseee 14,000

communications, sound, security, and navigation equipment in motorElectronic equipment installers and repairers, motor vehicles ..... 13,000

vehicles. Most installation work involves either new alarm or sound

systems. New sound systems vary significantly in cost and com-  \any repairers worked for wholesale trade companies, general
plexity of installation. Replacing a head unit (radio) with a new gjectrical work companies, the Federal Government, electrical repair

computer disc (CD) player is quite simple, requiring removing & shops, and manufacturers of electronic components and accesso-
few screws and connecting a few wires. Installing a new soundries and communications equipment.

system with a subwoofer, amplifier, and fuses is far more compli-
cated. The installer builds a box, of fiberglass or wood, designed to
hold the subwoofer and to fit in the unique dimensions of the aUtO'Training, Other Qualifications, and Advancement

moblle: Installing sound-deadening matgnal, Wh_'Ch often is neces'Knowledge of electrical equipment and electronics is necessary for
sary with more powerful speakers, requires an installer to remove mployment. Many applicants gain this training through programs

many parts ofa gar_(seats, carpeting, interio_rs of doors_,), ad_d soun asting 1 to 2 years at vocational schools and community colleges,
absorbing material in empty spaces, and reinstall the interior partsalthough some less skilled repairers may have only a high school

They also run new speaker .a.nd electrical cables. Additio_nal eIeC'diploma. Entry-level repairers may work closely with more experi-
trical power may require additional fuses; a new electrical line to be

¢ the batt th h v drilled hole in the fi I enced technicians who provide technical guidance.
run from the battery, through a newly dried hole in the fire wa Installers and repairers should have good eyesight and color per-
into the interior of the vehicle; or an additional or more powerful

it i d/or batt ception in order to work with the intricate components used in elec-
a (T:;na oran 0: a ?_ry. lectroni . tis similar to oth tronic equipment. Field technicians work closely with customers
epairng automotive electronic equipment IS simiiar 1o other 5,4 shoyld have good communications skills and a neat appear-
electronic installation and repair work. Multimeters are used to

. nce. Employers also may require that field technicians have a
diagnose the source of the problem. Many parts often are removea ploy y req

d laced. rather th red. M - ite simpl river’s license.
and replaced, rather than repaired. ‘viany repairs are quite SImpl€, - e nternational Society of Certified Electronics Technicians
only_requmng a fusg to be _replaced. Motor vehicle |nstal_lers a_nd(ISCET) and the Electronics Technicians Association (ETA)
repa|rs_work W'th an increasingly complex range ofel_ectr_onlc €AUIP- 3dminister certification programs for electronics installation and
ment, including DVD players, VCRs, satellite navigation equip-

. . i . . repair technicians. Repairers may specialize—in industrial elec-
ment, passive security tracking systems, and active security SyStemﬁ‘onics, for example. To receive certification, repairers must pass

qualifying exams corresponding to their level of training and experi-
Working Conditions ence. Both programs offer associate certifications to entry-level
Many electrical and electronics installers and repairers work on fac-repairers.
tory floors where they are subject to noise, dirt, vibration, and heat. Experienced repairers with advanced training may become spe-
Bench technicians work primarily in repair shops where the sur-cialists or troubleshooters who help other repairers diagnose diffi-
roundings are relatively quiet, comfortable, and well-lighted. Field cult problems. Workers with leadership ability may become
technicians spend much time on the road, traveling to different cus-supervisors of other repairers. Some experienced workers open their
tomer locations. own repair shops.
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Job Outlook Related Occupations
Job opportunities should be best for applicants with a thoroughWorkers in other occupations who install and repair electronic equip-
knowledge of electrical equipment and electronics, as well as repaiment include broadcast and sound technicians and radio operators;
experience. Overall employment of electrical and electronics computer, automated teller, and office machine repairers; electronic
installers and repairers is expected to grow more slowly than thehome entertainment equipment installers and repairers; and radio
average for all occupations over the 2000-10 period, but varies byand telecommunications equipment installers and repairers. Indus-
occupational specialty. In addition to employment growth, many trial machinery installation, repair, and maintenance workers also
job openings should result from the need to replace workers whanstall, maintain, and repair industrial machinery.
transfer to other occupations or leave the labor force.

Average employment growth is projected for electrical and elec- Sources of Additional Information
tronics installers and repairers of transportation equipment. Com+or information on careers and certification, contact:
mercial and industrial electronic equipment will become more > International Society of Certified Electronics Technicians, 3608 Pershing
sophisticated and used more frequently, as businesses strive to lowéve., Fort Worth, TX 76107-4527. Internéttp://www.iscet.org
costs by increasing and improving automation. Companies will > Electronics Technicians Association, 502 North Jackson, Greencastle,
install electronic controls, robots, sensors, and other equipment t¢N 46135. Internethttp://www.eta-sda.com
automate processes such as assembly and testing. As prices de-

cline, applications will be found across a number of industries, 1N- x

cluding services, utilities, and construction, as well as manufacturing.E|ectroniC Home Entertainment
Improved equipment reliability should not constrain employment

growth, however; companies increasingly will rely on repairers, Equment Installers and Repalrers
because any malfunction that idles commercial and industrial equip-
ment is costly. (O*NET 49-2097.00)
Employment of electronics installers and repairers of motor L .
vehicles also is expected to grow about as fast as average. Motor Significant Points
vehicle manufacturers will install more and better sound, security,e  Employment is expected to decline because it often is
entertainment, and navigation systems in new vehicles, limiting cheaper to replace than to repair equipment.
employment growth for after-market electronic equipment install- . b o ill be best f i .
ers. However, repairing the new electronic systems should help Job opportunities wi e est for applicants with
drive employment growth. know[edge of electronics and related hands-on
On the other hand, employment of electric motor, power tool, experience.
and related repairers is expected to grow more slowly than average.
Improvements in electrical and electronic equipment design shouldNature of the Work
limit job growth by simplifying repair tasks. More parts are being Electronic home entertainment equipment installers and repairers,
designed to be easily disposable, further reducing employmentlso calledservice techniciangepair a variety of equipment, in-
growth. cluding televisions and radios, stereo components, video and audio
Employment of electrical and electronics installers and repair- disc players, video cameras, and videocassette recorders. They alsc
ers, powerhouse, substation, and relay is expected to decline slightlyepair home security systems, intercom equipment, and home the-
Consolidation and privatization in utilities industries should im- ater equipment, which consist of large-screen televisions and sophis-
prove productivity, reducing employment. Newer equipment will ticated, surround-sound systems.
be more reliable and easier to repair, further limiting employment.  Customers usually bring small, portable equipment to repair shops
for servicing. Repairers at these locations, knowmeash techni-
Earnings cians are equipped with a full array of electronic tools and parts.
Median hourly earnings of electrical and electronics repairers, com-When larger, less mobile equipment breaks down, customers may
mercial and industrial equipment were $17.75 in 2000. The middlepay repairers to come to their homes. These repairers, known as
50 percent earned between $13.92 and $21.32. The lowest 10 pefield technicianstravel with a limited set of tools and parts, and
cent earned less than $10.90, and the highest 10 percent earnedtempt to complete the repair at the customer’s location. If the
more than $25.78. repair is complex, technicians may bring defective components back
Median hourly earnings of electric motor, power tool, and re- to the repair shop for a thorough diagnosis and repair.
lated repairers were $15.80 in 2000. The middle 50 percent earned When equipment breaks down, repairers check for common
between $11.91 and $20.04. The lowest 10 percent earned lessauses of trouble, such as dirty or defective components. Many
than $9.13, and the highest 10 percent earned more than $25.17.repairs consist of simply cleaning and lubricating equipment. For
Median hourly earnings of electrical and electronics repairers, example, cleaning the tape heads on a videocassette recorder will
powerhouse, substation, and relay were $23.34 in 2000. The middlgrevent tapes from sticking to the equipment. If routine checks do
50 percent earned between $19.07 and $26.21. The lowest 10 penot locate the trouble, repairers may refer to schematics and manu-
cent earned less than $14.79, and the highest 10 percent earndaicturers’ specifications that provide instructions on how to locate
more than $29.00. problems. Repairers use a variety of test equipment to diagnose
Median hourly earnings of electrical and electronics repairers,and identify malfunctions. They use multimeters to detect short
transportation equipment were $16.93 in 2000. The middle 50 per<ircuits, failed capacitors, and blown fuses by measuring the volt-
cent earned between $12.25 and $21.54. The lowest 10 percent earnagde, current, and resistance. They use color bar and dot generator:
less than $9.60, and the highest 10 percent earned more than $25.76. provide onscreen test patterns, signal generators to test signals,
Median hourly earnings of electronics installers and repairers,and oscilloscopes and digital storage scopes to measure complex
motor vehicles were $12.06 in 2000. The middle 50 percent earneavaveforms produced by electronic equipment. Repairs may involve
between $9.60 and $15.25. The lowest 10 percent earned less thaemoving and replacing a failed capacitor, transistor, or fuse.
$7.98, and the highest 10 percent earned more than $18.69. Repairers use handtools such as pliers, screwdrivers, soldering irons,




